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@ Method for preparing a substrate for forming semiconductor devices. 

FIG. I 



@ A new method of preparing an exceedingly flat 
substrate for forming semiconductor devices having 
an $ 01 structur e is disclosed. 

In this process at least a first wafer made of 
silicon single crystal is concavely warped before- 
hand. A second silicon single crystal wafer is bon- 
d^ to the concavely warped side of the first wafer 
with an o xide film interposed between the first and 
the second wafers. Subsequently the wafers are 
subjected to polishing arjStoCv^tching so that the 
second wafer bonded is ^imne fflinto a thin film to 
prepare a substrate for forming semiconductor de- 
vices having a SOI structure. 

5 At this time the p olishing and/or etching cause 
the bonded wafers to by ^arped cojivexlfe to offset 
the concavity of the first waferTresulting . in realiza- 
tion of a precisely flat substrate for forming semicon- 
ductor devices having an SOI structure. 

Further, at the time of determining the mag- 
nitude of the warp of the first wafer beforehand, an 
approximate linear equation is used which shows a 
relationship between the warps formed before and 
after the formation of the oxide film. 
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METHOD FOR PREPARING A SUBSTRATE FOR FORMING SEMJCONDUCTOR.DEVICES 

2. DETAILED DESCRIPTION OF THE INVENTION 



(INDUSTRIAL FIELD OF THE INVENTION) 

This invention relates to an innproved method 
for providing a substrate remarkably less in warp 
which is prepared for forming semiconductor de- 
vices and has an SOI (silicon on insulators) struc- 
ture by means of bonding method. 



(STATEMENT OF THE PRIOR ART) 

An SO! structure has hitherto been proposed 
for a substrate for forming semiconductor devices 
in order to facilitate isolation of integrated circuits 
in which tiny semiconductor devices are highly 
densely incorporated to eliminate a latch-up phe- 
nomenon in the integrated circuits, especially, 
CMOS (Complementary Metal-Oxide Semiconduc- 
tors) integrated circuits. 

To provide such an SOI structure, a method 
has been adopted in which an oxide film (insulating 
layer) is formed on a silicon sub strate, further a 
polycrystalline layer is precipitated on the oxide 
film, and then- further a single crystalline thin film is 
formed through transformation of the polycrystalline 
layer by a laser beam irradiated thereonto. Other- 
wise, a method has been adopted in which a sili- 
con polycrystalline thin film is formed on a sap- 
phire substrate from vapor phase by way of ther- 
mal decomposition reaction for subsequent cry- 
stallization thereof. 

However, the crystallinity of the silicon thin film 
on the insulating layer or substrate formed by 
these methods has not been satisfactory. Con- 
sequently, further technical improvements are be- 
ing successfully made in which silicon wafers are 
bonded to each other with an insulating layer 
placed therebetween, and the resulting bonded sili- 
con wafers are polished or etched to be formed 
into a desired thin layer which is used as an active 
region for built in semiconductor devices of an 
integrated circuit. 

For such a bonding method there are proposed 
a process of employing a simple weight for apply- 
ing a pressure on the wafers and also a process of 
applying an e^gctrostatic force^i n order to bond t wn 
wafers. The forrfTer prior art is described, for in- 
stance, in Japanese Patent Laid-Open Publication 
No. 48-40372. This known document teaches a 
method wherein silicon wafers are superposed on 
each other with a ff:ijjydB fil i Ti ^ced ther ebeRv&gn 



10 



15 



20 



25 



30 



35 



40 



45 



50 




for the purpose of botadinjg ^^he j yafers at 1.100 
degrees centigrade and higher and at pressures" 
Tuu kg/square centimeter and more. The latter pri- 
or art is described in pages 92 through 98 of 
"Nikkei Microdevices" issued by Nikkei-McGraw- 
Hill. Inc. on March 1. 1988. Hereinafter such a 
substrate for forming semiconductor devices will be 
described. 

In Hg. 4 (C). an example of the substrate in 
SOI structure for forming semiconductor devices is 
shown. 

V\(afe rs la and lb are bonded to each oth er 
with oxide fil ms 1c interposed therebetween. SuE- 
sequently. the side exposed to the air of the wafer 
lb is polished and/or etched to be a thin film so 
that this substrate is achieved. The preparing pro- 
cess will be more particularly described as follows: 
At first, prior to bonding wafers la and lb to 
each other, as shown in Fig: 4 (A), the wafers la 
and lb both with jiigtL Bgecision in flatness of the r)A)^ 
surfaces are ^^^^^_^^z^^er the entire sur-6>^r^i^^fife 
face thereof to form an oxide film 1c 0.8 micron 
meter in thickness. Then, wafers. la and lb are. 
superposed on each other (Rg. 4 (B)), then are pu^ 
into, a furnace in the state of superposition anc. 
further an electrical voltage of approximately 300 
volts is applied in a pufse mode across the super- 
posed wafers i n an atmosphere of nitrogen at a 
te mperature QL-about~5Qn dfigrPP^^r AntiygHo \^ 
this way. wafers la and lb are(b^3S^to each( 
other. The bonded wafers thus treated have a 
strong bonding strength therebetween so that the' ^ 
wafers can be put in the conventional IC manufac- 
turing process as they stand. 

Wafer lb of the bonded wafers thus obtained is 
polished and/or etfi jjed ejpr-fr©m outside as i^JioS^vi^ 
stands to be made into d Ubw-fil^ Thus, a sub-ru,^^ 
strate with an SOI structure for forming semlcon- 
ductor devices is prepared as shown in Fig. 4 (O). 4^ V^i 



Further, in a conventional technique, the above- 
mentioned wafers la and lb have been requested 
to be polished like a mirror surface to have a high 
precision flatness, especially, on each surface to 
be bonded. Accordingly the surface has been fin- 
ished so that the surface may have a highly pre- 
cise flatness of 50 nm expressed in surface rough- 
ness. 

In the above-mentioned process, however, 
when the outer surface of wafer lb is polished 
and/or etched, etc. to be formed into a thin film, the 
bonded wafers will ordinarily have a warp convex at 
the outer surface of the wafer lb. The warp will 
often be as large as several hundred micron me- 
ters. It is hard for the bonded wafers to be properly 
fixed by vacuum suction in this case. This causes a 
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trouble in transcribing a mask pattern to the sub- 
sirate in , a photolithography exposure process 
wherein surface accuracy is highly required. 

In order to find out the cause, the following 
experiments were made by the present inventors: 

Rrst, wafers la and lb had an oxide film 1c 
one micron meter thick formed oh the entire sur- 
face by thermal oxidization, respectively. The wa- 
fers la and 1b were superposed on each other to 
be put into a furnace. The wafers had a pulse 
mode voltage of 350 volts applied at a temperature 
of 400 degrees centigrade for the purpose of bond- 
ing the wafers. Subsequently, the oxide film 1c 
covering the wafer lb was removed and the bulk of 
the wafer was thinned by surface-grinding. Further, 
the wafer lb was subjected to etching in an al- 
kaline solution and to polishing so that the wafer 1 b 
had a predetermined thickness. 

At this time the warps were measured on one 
of the starting wafer and on the wafer or a bonded 
wafer after each of the following steps: 

Wafer la; wafer la which has had an oxide film 
1c formed thereon; bonded wafers in which 1a and 
lb have been bonded to each other; the bonded 
wafers which have been sur face-ground; the bon- 
ded wafers which have been subjected to etching 
in an alkaline solution; and the bonded wafers 
which have been subjected to polishing. 

The results are shown in Rg. 5. In the figure, 
mark ( • ) is for the warp of the wafer la; mark { a 
) is for the warp of wafer la which has an oxide 
film formed thereon; mark ( ■ ) is for the warp of 
the bonded wafers; mark ( O ) is for the warp of 
bonded wafers which have been surface-ground; 
mark { A ) is for the warp of the bonded wafers 
which have been subjected to etching in an alkaline 
solution; mark ( □ ) is for the warp of the bonded 
wafers which have been subjected to polishing. 

Rg. 5 shows that the warp of the wafers which 
have been bonded is formed in the convex direc- 
tion at the wafer 1 b outside surface. In the figure, it 
is also found that there occurs a large deformation 
from the state of warp after bonding of the wafers ( 
a ) to the stale of warp after surface grinding of 
wafer lb (O). 

Next in order to study the relationship between 
the warp and the process of thinning wafer 1 b into 
a thin film, the warp caused only by surface grind- 
ing and the warp caused only by etching in an 
alkaline solution were examined. 

As a result, it was found that as the wafer lb 
was thinner, the front side, i.e., the wafer 1b side 
was'"e 357^o turn convex jn ^oth of the abov e 
case s. It was also^'frona'TfTat a warp always oc- 
curred regardless of the processes of thinning the 
wafer lb into a thin film. 

Next, to study the influence of an oxide film 1c 

nn a warn an nvirio film wp<5 fnrmftrl on one side of 



an ordinary wafer to examine a warp of the wafer 
before and after the formation of an oxide film. 

As a result, it was found that the side of the 
waferon which an oxide film was formed turn ed 
5 cc^vex. Hrom this fact it was found that the cause 
of Warp lay in the oxide film 1c. 

An oxide film is different from silicon single 
crystal in thermal expansion coefficient. Silicon sin- 
gle crystal is greater in thermal expansion coeffi- 
10 cient than an oxide film. Consequently, when an 
oxide film in formed on the entire surface of the 
silicon single crystal in a high temperature at- 
mosphere and then cooled, residugL^rocs^gaccu- 
m ulated within the silicon singlecrystal. It is con- 
75 sfBered that when an oxide film is removed from 
the outside front (lb side) surface of the bonded 
wafers to make the wafer 1b thinner for the pur- 
pose of preparing an SOI structure, the residual 
stress on the wafer 1a causes the front or upper 
20 side of the bonded wafers to be warped upward (in 
this case, the extreme thinness to five micron me- 
ters or less of the wafer lb allows the residual 
stress therein to be ignored). In case there exists 
an oxide film 1c on the back or under side of the 
25 bonded wafers, the influence of the oxide film 1c 
on the formation of warp can also be considered. 
However, the oxide film 1c between the individual 
wafers la and lb is far thicker than the oxide film 
on the backside of the wafers, therefore the oxide 
30 film 1c between the individual wafers la and lb is 
far greater in influence on the formation of warp. 

Further, as shown in Rg. 5, additional deforma- 
tions from the state of wai^^jatecJaQnding { ■ ) to 
the state of warp after Surface grinding ( O ) ar" 
35 extremely great. It is pr^umed that surface grind- 
ing not only removes the oxide film 1c on the front 
or upper surface of the bonded . wafers but at the 
same time, also fo mns work strain remainingjy i the 
upper surface of the wafer lb. which causes the 
40 front or upper surface to be expanded eaisily com- 
pared with the back or under surface. Further, it 
should be noted that a newly caused deformation 
from the state of warp after surface grinding ( O ) 
to the state of warp after etching in an alkaline 
45 solution ( A ) is in the concave or downward direc 
tion. It is presumed that a layer having work strain, 
which is the cause of the warp, induced by surface 
grinding is removed by etching. 

50 

3. SUMMARY OF THE INVENTION 

This invention was made in the light of the 
above problems. 
55 It is an object of the present invention to pro-, 

vide a substrate for forming semiconductor devices 
with an SOI stmcture which is free from warp and 
hiah orecision in flatness. 



The objects and novel features of the present 
invention stated above and also those other than 
stated above will be clarified in reference to the 
descriptions included in and the drawings accom- 
panying to this specification. 

The invention disclosed in this application will 
be typically summarized for description as follows: 
. In order to achieve the above objects, the 
present invention comprises a method of preparing 
a substrate for forming semiconductor devices hav- 
ing an SOI structure wherein a first wafer and a 
second wafer each constituted by a silicon single 
crystal are bonded to each other with an oxide film 
interposed therebetween, polished and/or etched 
so that said second wafer is thinned into a thin film 
to prepare said substrate for forming semiconduc- 
tor devices having an SOI structure, the improve- 
ment comprising steps of "^p^nfi^nBll V warping at 
\f^^^<^f ci^td fi rst wafer beforehand and of bonding*^ 
said second wafer to a concave side of said first 
wafer. 

To sum up, attention is paid to the fact that the 
front or upper surface side of the substrate is 
subjected to deformation in the direction of the 
^pper side in forming an SOI structure. To correct 
this deformation, the first wafer has a deformation 
''formed in the reverse or downward direction in 
advance so that the substrate can be flat in result, 
when the SOI structure is formed. 

According to the above method, the first wafer 
is warped in advance. Then the second wafer is 
bonded to the concave side of the first wafer. A 
deformation of the bonded wafers at the time of 
forming an SOI structure reversed the warp of the 
bonded wafers to be offset, resulting in realization 
of a substrate for forming semiconductor devices 
having an SOI structure with an exceedingly flat 
surface. 



4. BRIEF DESCRIPTION OF THE DRAWINGS 

Rgs. 1 (A) through (0) are views showing manu- 
facturing processes in the preferred embodi- 
ments wherein a substrate for forniing semicon- 
ductor devices having an SOI structure accord- 
ing to the present invention is prepared. 
Fig. 2 is a figure showing the relationship be- 
tween the thickness of an oxide film and the 
warp. 

Fig. 3 is a figure showing the relationship be- 
tween the thickness of the wafers and the warp. 
Figs. 4 (A) through (G) are views showing the 
manufacturing processes of a conventional 
method. 

Rg. 5 is a figure showing a warp at each pro- 
cess. 



5. DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS [ ^ 

A description will be made on the method for 
s manufacturing a substrate for forming semiconduc- 
tor devices having an SOI structure according to 
the preferred embodiments of the present inven- 
tion. 

Rg. 1 (C) shows a longitudinal sectional view of 
10 the substrate having an SOI structure. 

This substrate is manufactured from a pair of 
bonded wafers in which the wafer 1a and wafer lb 
are bonded to each other with an oxide film 1c 
interposed therebetween, the wafer 1b being pol- 
75 ished and/or etched into a thin film. 

At this time wafers la and lb are warped 
beforehand. Wafer lb is bonded to the concave 
side of wafer la. Wafer lb to be bonded may be 
completely free from warp. But wafer lb preferably 
20 has a warp formed in the same direction as la. 

It is to be. noted that the magnitude of the warp 
of wafer la at the time of bonding depends upon 
the diameters and the thicknesses of the wafers 
and also upon the temperature for forming the 
25 oxide film and the thicknesses thereof. For exam- 
ple, the degrees of the warp can be determined as 
follows: 

Rg. 2 shows the relationship between the 
thickness of the oxide film and warp. In Fig. 2. a 

30 warp is shown for p-type wafers which are 150 mm 
in diameter and 625 micron meters in thickness. 
The wafers have the one side thereof formed with 
an oxide film 1 .000 nm and 500 nm thick, respec- 
tively. On the axis of abscissa the warp of wafers 

35 prior to formation of the oxide films is shown. The 
conditions of forming the oxide films are the same. 

It is known in Rg. 2 that the warps of wafers 
before and after the formation of the oxide films are 
correlative and that the correlation can be ex- 

40 pressed in the form of a linear equation y = Ax + 
B where y represents a warp after formation of the 
oxide film, x represents a warp prior to formafion of 
the oxide film. A and B are constants. In Fig. 2 it is 
understood that the thicker the oxide film is, the 

45 larger the warp after the formation of the oxide film 
is. 

Consequently, at first, a point whereat the 
equation y = Ax + B crosses the axis of abscissa 
is obtained by experiments. Next, the wafer is 

50 warped beforehand so that the warped wafer has a 
magnitude of warp corresponding to the values 
obtained at the point stated above (the warp in 
which the oxide film forming surface is concave at 
the same surface). Then, the warp of the wafer 

55 disappears when the oxide film is formed. 

Further, Rg. 2 shows the case wherein an 
oxide film is formed on one side of the wafer. 
Almost the same can be said to the bonded wafers 
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which have an oxide film formed on each wafer for 
the purpo;5e of producing an SOI structure, be- 
cause the influence of the thinner wafer lb on warp 
can be ignored. As a result it can safely be said 
that only wafer la is regarded to have original warp 
in the bonded wafers. It should be noted in this 
case that the oxide film of the bonded wafers 
according to the present invention is two times as 
thick in the bonded region as the oxide film formed 
on each of the wafers. 

Rg. 3 shows the relationship between the 
thickness of the wafers and the warp. Rg. 3 shows 
the warp of a p-type wafer 150 mm in diameter 
which has an oxide film 1 ,000 nm thick formed on 
one side thereof. The warps prior to formation of 
the oxide film are shown on the axis of abscissa. 

In Fig. 3 it can be learnt that even in case of 
different thicknesses of the wafers the warp before 
and after the formation of an oxide film are correl- 
ative and that the correlation can be expressed by 
a linear equation y = Ax + b' (Symbol y is the 
warp after the formation of the oxide film; symbol x 
. is the warp before the formation of . the oxide film; 
A and B are constants.). At the same time it is 
known in the figure that the thinner the wafers are. 
the larger the warps after the formation of the oxide 
film are. 

Consequently, in case the thicknesses of the 
wafers are varied, the magnitude of the warps can 
also be varied accordingly. 

In bonding together the individual wafers al- 
ready warped as stated above, an oxide film 1c is 
formed on the entire surfaces of wafers la and lb 
by oxidation in steam as shown in Fig. 1 (A). Then 
the concave surface of the wafer la and the con- 
vex surface of the wafer lb are superposed on 
each other with an oxide film 1c interposed there- 
between (Fig. 1 (B)). Th e wafers are put in to a 
furnace in the state of stm^rpnyiiti^p so that heat o r 
I a pulse mode voltage is applied to the superposed 
wafers in the atpnogptjereof nitrogen, whereby wa- 
fers la and 1b ar^on3S^to each other. It is 
possible that the borJaecrWafers thus obtained are 
put in the conventional manufacturing process as 
they stand, because the wafers have a strong 
bonding strength. 

The wafer lb of the wafers thus bonded is 
subjected to-8tnfac&-gcic^g. etching in an alkaline 
solution and to polishing for the purpose of thinning 
the wafer 1b into a thin film, whereby a substrate 
for forming semiconductor devices having an SOI 
structure can be obtained as shown in Fig. 1 (C). It 
should be noted that although wafer lb also has a 
warp so that the wafers can be bonded together 
satisfactorily in the above case, only the wafer la 
can be warped, because the wafer lb is thinned 
into a thin film with the result that the effect of the 

warn nn thft wafer 1h tn thft hf»nH;^hilitv of thft 



wafers is thought to be ignored. The bonded wafers 
prepared in this process have the following effects: 
Namely, according to the preferred embodi- 
ments stated above, wafer 1a is warped before- 

5 hand and the concave surface of the waf.r la is 
bonded to the wafer lb. The deformation of the 
bonded wafers in the direction of the convex side 
of the wafers at the time of preparing an SOI 
structure allows the warp of the wafer la to be 

w alleviated with the consequence that a substrate for 
forming semiconductor devices having an SOI 
structure with high precision flatness can be re- 
alized. 

It should be noted that when a substrate for 
15 forming semiconductor devices which is 150 mm in 
diameter is prepared in a conventional process, the 
mean value of warp was micron meters, while a 
substrate prepared by the process according to the 
present invention had a mean value of 15 micron 
20 meters. 

A description has hitherto been made on the 
present invention in reference to the preferred em- 
bodiments. The present . invention is not limited 
only to the embodiments above. It is needless to 
25 say that various- modifications can also be made 
within the scope of the spirit of the present inven- 
tion. 

The typical effects of the present invention 
disclosed in this specification will; described as 
30 follows: 

According to the present invention, a first wafer 
and a second wafer both constituted by a silicon 
single crystal are bonded to each other with an 
oxide film interposed therebetween, then the bon- 
35 ded wafers are polished and/or etched so that the 
second wafer is thinned into a thin film for the 
purpose of preparing the substrate for forming 
semiconductor devices having an SOI structure. At 
this time prior to bonding, the first wafer is inten- 
se tionally warped beforehand. The second wafer is 
bonded to the concave side of the first wafer. As a 
result, the process-induced deformation of the bon- 
ded wafers in making the SOI structure permits the 
bonded wafers to be free of warp. Thus, a sub- 
45 strate for semiconductor devices having an SOI 
structure with a high precision flatness can be 
realized. 



50 Claims 

(1) A method of preparing a substrate for forming 
semiconductor devices having an SOI structure 
wherein a first wafer and a second wafer both 
55 constituted by a silicon single crystal are bonded to 
each other with an oxide film interposed there- 
between, polished and/or etched so that said sec- 
ond wafer is formed into a thin film to oreoar said 



substrate for forming semiconductor devices hav- 
ing said SOI structure, the improvement comprising 
steps of warping at least said first wafer beforehand 
and of bonding said second wafer to a concave 
side of said first wafer. 

(2) A method as defined in claim 1 wherein an 
oxide film twice in thickness is formed on one side 
of a wafer having a diameter and quality same as 
the first wafer with only a processing time to be 
lengthened and with other conditions remaining un- 
changed so that values of various warps of said 
wafer before and after formation of said oxide film 
are obtained through experiments, whereby a value 
of a warp of said first wafer can be determined 
from an approximate linear equation which shows a 
correlation between the values of the warps before 
and after the formation of said oxide film. 
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FIG. 3 
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FIG. 5 
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